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ABSTRACT
In this work, we re-examined the ancient complex metric in the recent quantum picture of black
holes as Bose-Einstein condensates of gravitons. Both black holes and particles can be described by
the complex Kerr-Newman metric in a 6-D complex space, which appears as a 4-D spacetime for
a real or imaginary observer because of the barrier of the horizon. As two kind of complex black
holes, particle and black hole are complex conjugated and can convert into each other through a
phase transition. From the view of an observer in 3-D real space, an elementary particle with spin
appears as an imaginary black hole in an anti-de Sitter space. The self-gravitational interaction of a
particle as an imaginary black hole makes it obtain its wave-like nature in 4-D spacetime.
Keywords Complex metric · Quantum black hole · de Broglie’s internal clock · ER=EPR
1 Introduction
The concern over the potential link between the black hole and the particle has a long and continuous history because
it may provide us useful information about the connection between general relativity and quantum mechanics. In
1935, trying to in search of a geometric model for elementary particles, Einstein and Rosen [1] provided a speculative
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structure now known as the Einstein–Rosen bridge. In 1968, Carter [2] found that the Kerr–Newman solution [3] has
a gyromagnetic ratio g=2 like the Dirac electron. Then, the Kerr–Newman electron has received constant attention
[4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] and obtained supports from string theory [19, 20, 21, 22, 23]. What’s
more, there also have been suggestions that black holes should be treated as elementary particles [24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36].
Complex metric, provided by Newman and his co-workers in their derivation of the Kerr-Newman metric [3], has
been found to be a useful mathematical tool in various problems [37, 38, 39, 40, 41, 42, 43]. Recently, a quantum
picture of black holes as Bose-Einstein condensates(BEC) of gravitons [44]. In this picture, we found that complex
Kerr-Newman metric has a deep physical meaning rather than just a mathematical model. In a 6-D complex space,
both common black holes and elementary particles are found to be special cases of the complex Kerr-Newman black
holes, which can turn into each other through a phase transition. By analysing the metric of a particle in the imaginary
space, we found that the wave-like nature of a particle in 4-D spacetime is a result of the self-gravitational interaction
of a particle as a black hole in the imaginary space.
2 Phase transition of complex black hole
2.1 Common black hole as a particular solution of complex black hole
The Kerr-Newman metric describes a general black hole with both charge and spin [3]. The radius of its two horizons
(r±) are
r± = m±
√
m2 − a2 −Q2 (1)
where m is its mass, a is its angular momentum per unit mass, and Q is its charge,c = ~ = G = kB = 1 is used in
this work (c will appear where the speed of light needs to be stressed). Equation (1) seems to lose its physical meaning
when m2 < a2 + Q2. However, if a horizon can have complex radius, the physical meaning of this equation can be
further expanded. Re-writing equation (1), we can obtain
r± = m± i
√
a2 +Q2 −m2 (2)
The real radius of the complex horizon (rR) is
rR = m (3)
In the 3-D real space, an elementary particle will appear as 0-D point in low energy if it can be described by equation
(2) because its rR is much smaller than Planck length and too small to be measured by current technology. This agrees
with standard model. The imaginary radius of the complex horizon (rI ) is
rI = ±i
√
a2 +Q2 −m2 (4)
With the increase of its m, rI of a particle reduces continuously to 0i and then be realized, which means that
the particle as a complex black hole changes into a common black hole. The phase transition point of the complex
black hole is an extreme black hole, rI = 0. At the same time, rR of a particle increases continuously. rR not
only characterizes the size of the particle, but also defines the boundaries of the 3-D real space for other observers.
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Therefore, in the rest frame of the particle, the increasing rR can be understood as an expansion of the coordinate
origin from a 0-D point to a 2-D spherical surface with radius of rR (as shown in Fig.1).
Figure 1: Phase transition of complex black hole. After the point of phase transition, rI = 0, the imaginary radius
is realized and the particle change into a black hole. The objects in a are corresponding to the objects in b: 0-D
origin point vs 2-D origin surface, 1-D time dimension vs 3-D imaginary space. The black holes is Bose-Einstein
condensates of N gravitons. For any graviton, its origin is a point on the origin surface.
In this way, the inner space of a common black hole bordered by its inner and outer horizons is in fact a realized
imaginary space embedded in the 3-D real space (while the space within its inner horizon is imaginary space). All the
points in this realized imaginary space share the same real radius although their imaginary coordinates can be different.
If we consider the rotational symmetry, these points can be considered indistinguishable points in the real space. This
agrees with quantum picture of black holes as Bose-Einstein condensates of N gravitons[44].
2.2 Gravitons’ motions in a BEC black hole
The origin surface of a complex black holes, which is one of the most important physical contents in this work, seems
counter-intuitive. In the quantum picture of black holes as Bose-Einstein condensates ofN gravitons[44], this concept
is easier to understand.
According to [44], the number of gravitons of a Schwarzschild black hole in BEC with mass ofM is
N =M2 (5)
The mass of every graviton is
mg = 1/M (6)
The origin surface with many points can be regarded as a collection of the origins of N gravitons (as shown in Fig.1).
The de Broglie wavelength of any graviton
λ =
2pi
mg
= 2piM (7)
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is found to be the circumference of a circle with radius of rI (= M for this Schwarzschild black hole with mass of
M ), which implies that a graviton of the Schwarzschild black hole in BEC may be a stand wave centered on its origin
on the origin surface. In fact, a graviton without rest mass moves at the speed of light. If it does a uniform circular
motion with a radius of rI around its origin, it will complete one cycle in one period.
In the 4-D spacetime, the origin of a particle’s rest frame moves along the time dimension at the speed of light
(a of Fig.1). After the phase transition of space, the time dimension is unfolded into the 3-D imaginary space. The
moving distance of the origin in the time dimension will be a large value after a long time, which seems an impossible
motion in the limited realized imaginary space. A reasonable solution is that the motion of the origin of each graviton
is an uniform circular motion on the origin surface at the speed of light. The clockwise and counterclockwise rotation
correspond to t > 0 and t < 0, respectively. In this way, the synthetic movement of the graviton’s circular motion and
the motion of its origin will be a uniform circular motion on the horizon with speed of light.
In this subsection, combining complex metrics [3] and the quantum black holes as BECs of gravitons [44], we
provide a possible picture of how gravitons move in a black hole. This picture is found to be an key to understand the
geometric origin of the de Broglie waves (will be discussed in detail later).
3 Particle as imaginary black hole in AdS
3.1 Singularity as the origin of time
What kind of geometry does a particle have in the hidden 3-D imaginary space? Penrose’s idea about singularity [45]
provides us useful clue.
According to Penrose [45], the singularity is the origin of time. In the 6-D complex space, the counterpart of the
origin of time in 4-D spacetime is the origin of the 3-D imaginary space. The singularity of a common Kerr–Newman
black hole appear as a ring on its equatorial plane with a radius of
rs,R = a (8)
Any direction of rotation is mathematically equivalent because of the rotational symmetry of the 3-D real space.
Therefore, the ring singularity can be regarded as a special solution of a sphere singularity after the direction of rotary
axis is locked. The singularity of a common real black hole is completely enclosed by the event horizon. From the
above section, we know the space within the event horizon is in fact a imaginary space. Therefore, the origin surface
should have an imaginary radius with a modulus of a. In this way, the origin surface of the particle in imaginary space
has a radius of
r0 = ia (9)
and the horizon of a particle in the 3-D imaginary space has a radius of rI (as shown in IofF ig.2), which means that
a particle appears as an imaginary black hole, the horizon radii of which are
r± = ia± i
√
a2 +Q2 −m2 (10)
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Equation (10) can be rearranged as
r± = ia±
√
(ia)2 − (im)2 −Q2 (11)
Comparing equations (1) and (11), we can obtain the equivalent mass, angular momentum per unit mass of the imagi-
nary black hole of the particle as {
Mi = ia
ai = im
(12)
3.2 Hawking temperature of a particle as imaginary black hole
The imaginary black hole has a Hawking temperature of
Ti =
1
2pi
r+ − r−
2(r2+ + a
2
i )
(13)
which has an imaginary value.
A black hole can harvest energy from its environment and lose energy through Hawking radiation. Therefore,
energy balance is a necessary condition for a stable black hole. The Hawking temperature of a particle as an imaginary
black hole is therefore a good mark of the energy level of its local imaginary space. According to the work of Deser
and Levin [46], an inertial observer in a de Sitter (dS) or anti-de Sitter (AdS) spaces with cosmological constant Λ
will measure a temperature of
TΛ =
1
2pi
√
Λ
3
(14)
When Λ < 0, this temperature will have an imaginary value. Therefore, from the view of an observer in the real
space, the imaginary space of our universe is an AdS space. According to the symmetry of complex space, the time
dimension of the AdS space is folded from the 3-D real space.
It should be specially stated that the imaginary values of physical concepts in the imaginary space including mass
and length are only relative to the observers in the real space. From the view of any observer in the imaginary space,
the imaginary black hole is just a common real one and the imaginary space is a dS space.
3.3 Evolution of a complex black hole
The presence of complex black holes (including common black holes and particles) makes the coordinate origin of the
complex space expands from the point of 0 + 0i to a complex spherical surface with a radius of
R0 = m+ ai (15)
The imaginary black hole of a particle also have a ring singularity with a radius of
rs,I = ai = im (16)
The modulus of rs,I equals to the radius of its origin surface in the real space. The ring singularity of a common real
black hole also have this characteristic. Therefore, the ring singularity of a real or imaginary black hole is in fact a
section of the origin surface in its complex conjugate space after the direction of rotary axis is locked. In the complex
space, singularity is covered by horizon.
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The evolution of a complex black hole in complex space is shown in Fig.(2). We can found that two special cases
of complex black holes, particles and common black holes, are complex conjugated.
Figure 2: Evolution of a complex black hole. I: the particle appears as a point-like particle in the real space while
as an imaginary black hole in the imaginary space; II: the point expands while the imaginary black hole shrinks; III:
extreme black hole and extreme imaginary black hole; IV : real black hole and imaginary point-like particle. Red
circles or spherical surfaces represent origin surfaces, while the black circles represent inner or outer horizon.
4 Geometric origin of de Broglie wave
4.1 Wave-like nature as a result of gravitons’ motion
For all elementary particles except Higgs boson in the standard model, the following equation
rI = i
√
a2 +Q2 −m2 ≈ ia (17)
is a sufficiently accurate approximation. Therefore, the imaginary Kerr-Newman black hole of the particle is an
approximate imaginary Schwarzschild black hole. According to [44], the imaginary component of the mass of every
graviton of the imaginary black hole in Bose-Einstein condensate is
mg−i =
i
|Mi| =
i
a
(18)
while the number of the gravitons is
N = |Mi|2 = a2 (19)
From the view of an imaginary stationary observer in the rest frame of the particle, the motions of the gravitons of
its imaginary black hole in BEC are the synthesis of the motions of their origins and their circular motions around their
origins. When the 3-D imaginary space folds to the 1-D time dimension of the 4-D spacetime, these circular motions
make particles obtain their wave-like nature. The real part of the complex wave function is the component in a certain
direction of the 3-D imaginary space which acts as the time dimension of the 4-D spacetime, while the imaginary part
is the component perpendicular to this direction. In the following, we will derive the geometric origin of the plane
wave of a free Dirac fermion (L = 1/2). The question will be discussed in the free particle’s inertial coordinate frame.
For the imaginary black hole of a free Dirac fermion, we assume that two circular motions of its gravitons are
in one plane (Fig.3). During a time interval of 0.5t0, the displacement of its origin (∆li−0, the red bold short arc in
Fig.3) is
∆li−0 = ic× 0.5t0 (20)
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Figure 3: Geometric origin of wave nature of a Dirac fermion. The motions of the gravitons of the imaginary black
hole in Bose-Einstein condensate make the particles obtain their wave-like nature. The red, blue, and green bold short
arcs represent the displacement of a graviton’s origin, the displacement caused by the circular motion around its origin,
and its total displacement, respectively.
During the same time, the displacement caused by the circular motion around its origin (∆li−g, the blue bold short arc
in Fig.3) is
∆li−g = ic× 0.5t0 (21)
The phase angle of the graviton, θ, will be
θ =
∆li−0
r0
=
∆li−g
rI
(22)
In the free particle’s inertial coordinate frame, the particle is stationary at the coordinate origin, which means that
v = 0. Therefore,
r0(v = 0) = rI(v = 0) =
iL
m0
(23)
wherem0 is the rest mass of the particle. Substituting L = 1/2 and equation (23) into equation (22) yields
θ = m0ct0 (24)
From the view of the observer in the 3-D imaginary space, the resultant motion of the graviton happen on the
outer horizon of the imaginary black hole, a spherical surface with a radius of r+(≈ 2ia). The total displacement of
the graviton (∆li, the green bold short arc in Fig.3) is
∆li = θ × r+ = ict0 (25)
The uniform energy of every graviton of the imaginary black hole in BECmeans that the phase difference between
them remains the same. All the original positions of their origins are components of the starting point of the particle
in time dimension. Therefore, the phase angle of the particle is θ described in equations (23). The clockwise and
counterclockwise rotation of the gravitons on the horizon of their imaginary black hole correspond to the two sign of
the spin, respectively.
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4.2 Lorentz transformation as a conformal transformation
The phase angle of the wave function of a stationary particle (v = 0) is given above. Substituting the Lorentz
transformation
t0 = γ(t− vx
c2
) (26)
where γ is the Lorentz factor
γ =
c√
c2 − v2 (27)
into equation (24), we can get the phase angle of a free particle with speed of v as
θ′ = mct− px (28)
From equation (28), we can get some interesting information about the motion of the particle as a black hole in
the imaginary space. First, when x = 0,
θ′ = mct = m0ct0 = θ (29)
which means that the phase angle doesn’t change when the imaginary black hole shrinks (as shown in Fig.4, which
gives a visual display of time dilation in special relativity). Therefore, Lorentz transformation is a conformal transfor-
mation for observers in the imaginary space.
Being an imaginary black hole as BEC of gravitons, a particle will have a internal clock as conjectured by de
Broglie because of the motions of its gravitons. This internal clock is hidden in the imaginary space.
Figure 4: de Broglie’s internal clock. When a particle gets more energy, its imaginary black hole shrinks but the
phase angle does not change, which will result in time dilation if the speed of light is a constant.
Then, let us analyze the physical meaning of the term of "−px" in equation (28). As a matter wave, a particle
can appear in different locations of the 3-D real space with a certain probabilities simultaneously. From section 2, we
know that all the gravitons of a black hole in BEC share an equivalent real coordinate. If the points in the 3-D real
space, at which the particles can appear at the same time, share an equivalent imaginary coordinate, the wave nature
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will be a natural result. From the view of any graviton of a particle, the uniform linear motion of the particle with a
speed of v in the 3-D real space appears as the motion of its imaginary black’s origin with the speed of iv in the 3-D
imaginary space. We assumed that the imaginary black hole is doing an uniform circular motion on an origin surface
with radius of
r0−p =
i
p
(30)
where p = mv is the momentum of the particle (as shown in Fig.5). In this way, we can get the contribution of a
particle’s momentum to phase angle. The phase angle caused by the motion of the imaginary black hole on the origin
surface with a speed of iv is
θ0 =
ivt
r0−p
(31)
The final net phase angle is
θ′ = θ − θ0 = mct−mvt (32)
Figure 5: Contribution of momentum to phase angle. The imaginary black hole of a particle is doing an uniform
circular motion on an origin surface with radius of 1/mv, which makes different points in the 3-D real space share an
equivalent imaginary coordinate. In this way, a particle can appear at these points simultaneously.
4.3 Negative energy solutions of Dirac equation
Since its origin is on the origin surface with radius of r0−p, an imaginary black hole with a negative radius of "−r+"
still has physical meaning. These possible states are found to correspond to the negative solutions of Dirac equation,
four solutions of which are shown in Fig.6 .
Comparing the motion of a graviton in a positive black hole in BEC (a of Fig.6) and that of a negative energy
black hole in BEC (b of Fig.6), we can find that there is a central symmetry between them with respect to the center of
the imaginary black hole. Similarly, there is a mirror symmetry between two spin states of the particle (a vs c, b vs d).
In a space where the speed of particle is smaller than that of light (v < c), the following relationship can always
be satisfied
r0−p > |r+| (33)
Therefore, any relativistic wave equation that satisfies the Lorentz transformation will have negative energy solutions.
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Figure 6: Four solutions of Dirac equation. Blue arcs indicate the displacement of the imaginary black hole as
Bose Einstein condensate of gravitons, while red arcs indicate the displacement of one of its gravitons (hollow circle
indicates the starting positions and a solid circle indicates the current positions).
5 Conclusion and Discussion
5.1 Conclusion
Thanks to the recent quantum picture of black holes as Bose-Einstein condensates of gravitons [44], we are able to
re-examin the "ancient" complex metric [3] in this work. The conjugate symmetry between a common black hole
and elementary particle in a 6-D complex space is found. For any observer in the 3-D real (or imaginary) part of the
complex space, he (or she) can’t observe the imaginary (or real) space directly because of the barrier of the horizon.
The three imaginary (or real) dimensions will fold into a time dimension, which makes the 6-D complex space appears
as a 4-D spacetime.
An elementary particle with spin appears as an imaginary black hole with a mass of ia in an AdS space (a is the
spin pure unit mass). In the quantum picture of black hole, this imaginary black hole consists of N = a2 gravitons.
The motions of these component gravitons make the particle they make up obtain its wave-like nature. Therefore,
the quantum properties of the particles we observed in a 4-D spacetime is a result of the gravitational effect in a 3-D
imaginary space. With a time dimension folded from the 3-D real space, the 4-D imaginary spacetime is found to be
a AdS space for a real observer. This agrees with the AdS/CFT correspondence proposed by Maldacena [47].
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5.2 Discussion
This work can provide us a new perspective to understand some problems in quantummechanics and general relativity
such as black hole information paradox. The black hole information paradox shows the conflict between quantum
mechanics and general relativity. An important recent development in this area is AMPS firewall [48]. In order to
resolve the AMPS firewall paradox, Maldacena and Susskind [49] provided the ER=EPR hypothesis that entangled
objects may be connected through the interior via a wormhole, or Einstein-Rosen bridge. In the picture provide in
this work, we can found that the creation of an entangled particle pair is indeed a creation of entangled black hole as
conjectured in ER=EPR.
In addition, according to Hawking’s picture about black hole’s Hawking radiation [50], we know that when a
particle with positive energy escapes from the horizon, its antiparticle with negative energy will fall to the singularity.
The singularity of the imaginary black hole is the origin of the real space. Therefore, if these associated negative
particles of the Hawking radiation of the imaginary black hole cross its singularity rather than end at it, the clouds of
virtual particles around a particle in the real space will have a gravitational origin.
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ABSTRACT
In this work, inspired by Penrose’s idea about singularity, we take a fresh look at the ancient complex
metric in the recent quantum picture of black holes as Bose-Einstein condensates of gravitons. Both
black holes and particles can be described by the complex Kerr-Newman metric and convert to each
other through a phase transition in a 6-D complex space, which appears as a 4-D spacetime for a real
or imaginary observer because of the barrier of the horizon. From the view of an observer in 3-D
imaginary space, an elementary particle with spin appears as an imaginary black hole in an anti-de
Sitter space. The self-gravitational interaction of the imaginary black hole makes the particle obtain
its wave-like nature in 4-D spacetime.
Keywords Complex metric · Quantum black hole · Bose-Einstein condensate · AdS · ER=EPR
1 Introduction
The concern over the potential link between the black hole and the particle has a long and continuous history because
it may provide us useful information about the connection between general relativity and quantum mechanics. In
1935, trying to in search of a geometric model for elementary particles, Einstein and Rosen [1] provided a speculative
structure now known as the Einstein–Rosen bridge. In 1968, Carter [2] found that the Kerr–Newman solution [3] has
a gyromagnetic ratio g=2 like the Dirac electron. Then, the Kerr–Newman electron has received constant attention
[4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] and obtained supports from string theory [19, 20, 21, 22, 23]. What’s
more, there also have been suggestions that black holes should be treated as elementary particles [24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36].
Complex metric, provided by Newman and and his co-workers in their derivation of the Kerr-Newman metric
[3], has been found to be a useful mathematical tool in various problems [37, 38, 39, 40, 41, 42, 43]. Recently, a
quantum picture of black holes as Bose-Einstein condensates of gravitons [44]. In this picture, we found that complex
Kerr-Newman metric has a deep physical meaning rather than just a mathematical model. In a 6-D complex space,
both common black holes and elementary particles are found to be special cases of the complex Kerr-Newman black
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holes, which can turn into each other through a phase transition. By analysing the metric of a particle in the imaginary
space, we obtain the geometric origin of the de Broglie waves.
2 Phase transition of complex black hole
The Kerr-Newman metric describes a general black hole with both charge and spin [3]. The radius of its two horizons
(r±) are
r± = m±
√
m2 − a2 −Q2 (1)
where m is its mass, a is its angular momentum per unit mass, and Q is its charge,c = ~ = G = kB = 1 is used in
this work (c will appear where the speed of light needs to be stressed). Equation (1) seems to lose its physical meaning
when m2 < a2 + Q2. However, if a horizon can have complex radius, the physical meaning of this equation can be
further expanded. Re-writing equation (1), we can obtain
r± = m± i
√
a2 +Q2 −m2 (2)
The real radius of the complex horizon (rR) is
rR = m (3)
In the 3-D real space, an elementary particle will appear as 0-D point in low energy if it can be described by equation
(2) because its rR is much smaller than Planck length and too small to be measured, which agrees with standard model.
The imaginary radius of the complex horizon (rI ) is
rI = ±i
√
a2 +Q2 −m2 (4)
With the increase of its m, rI of a particle reduces continuously to 0i and then be realized, which means that
the particle as a complex black hole changes into a common black hole. The phase transition point of the complex
black hole is an extreme black hole, rI = 0. At the same time, rR of a particle increases continuously. rR not
only characterizes the size of the particle, but also defines the boundaries of the 3-D real space for other observers.
Therefore, in the rest frame of the particle, the increasing rR can be understood as an expansion of the coordinate
origin from a 0-D point to a 2-D spherical surface with radius of rR (shown in Fig.1). In this way, the inner space of
a common black hole bordered by its inner and outer horizons is in fact a realized imaginary space embedded in the
3-D real space(while the space within its inner horizon is imaginary space). All the points in this realized imaginary
space share the same real radius although their imaginary coordinates can be different. If we consider the rotational
symmetry, these points can be considered indistinguishable points in the real space. This agrees with quantum picture
of black holes as Bose-Einstein condensates of gravitons[44].
In the 4-D spacetime, the origin of a rest particle’s rest frame moves along the time dimension at the speed of
light (a of Fig.1). After the phase transition, what form does this motion of origin appear? A quantum black hole
is composed of many gravitons. For each graviton, its coordinate origin is a point at the origin surface. The moving
distance of the origin in the time dimension will be a large value after a long time, which seems an impossible motion
in the limited realized imaginary space. A reasonable solution is that the motion of the origin of each graviton is
an uniform circular motion on the origin surface at the speed of light. The clockwise and counterclockwise rotation
correspond to t > 0 and t < 0, respectively. Similarly, the graviton without rest mass also move at the speed of light,
which should also be a uniform circular motion on its sub-horizon with a radius of rI (b of Fig.1).
According to Dvali and Gomez’s work [44], the energy of every graviton,mg , in the BEC Schwarzschild black
hole with mass ofM is 1/M . The de Broglie wavelength of a graviton
λ =
2pi
mg
= 2piM (5)
is found to be the circumference of the great circle of its sub-horizon (rI =M for this Schwarzschild black hole with
mass of M ). This means that every graviton of a BEC black hole is a standing wave on its own sub-horizon. The
barycenter of the standing wave of a graviton is its origin on the origin surface.
As a product of the combination of quantum pictures of black holes and complex metrics, this idea is an important
key to understand the geometric origin of the de Broglie waves.
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Figure 1: Phase transition of complex black hole. After the point of phase transition, rI = 0, the imaginary radius
is realized and the particle change into a black hole. The objects in a are corresponding to the objects in b: 0-D
origin point vs 2-D origin surface, 1-D time dimension vs 3-D imaginary space. The black holes is Bose-Einstein
condensates of N gravitons. The blue circle in b is the sub-horizon of one graviton, the origin of which is a point at
the origin surface.
3 Particle as imaginary black hole
What kind of geometry does a particle have in the hidden 3-D imaginary space? According to Penrose [45], the
singularity is the origin of time. In the 6-D complex space, the counterpart of the origin of time in 4-D spacetime is
the origin of the 3-D imaginary space. The singularity of a common Kerr–Newman black hole appear as a ring on its
equatorial plane with a radius of a. Any direction of rotation is mathematically equivalent because of the rotational
symmetry of the 3-D real space. Therefore, the ring singularity can be regarded as a special solution of a sphere
singularity after the direction of the rotary axis is locked.
Inspired by this and the "key" we found in the previous section, we assumed that a particle can have many energy
components as a quantum black hole and for each energy component, its origin is on a sphere surface with radius of
r0 = ia (6)
and the horizon in the 3-D imaginary space has a radius of rI (as shown in IofF ig.2), which means that a particle
appears as an imaginary black hole with a radius of
r± = ia± i
√
a2 +Q2 −m2 (7)
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Figure 2: Evolution of a complex black hole I: the particle appears as a point-like particle in the real space while as
an imaginary black hole in the imaginary space; II: the point expands while the imaginary black hole shrinks; III:
extreme black hole and extreme imaginary black hole; IV : real black hole and imaginary point-like particle.
Equation (7) can be rearranged as
r± = ia±
√
(ia)
2 − (im)2 −Q2 (8)
Comparing equations (1) and (8), we can obtain the equivalentmass, angular momentumper unit mass of the imaginary
black hole as {
Mi = ia
ai = im
(9)
The imaginary black hole has a Hawking temperature of
Ti =
1
2pi
r+ − r−
2(r2+ + a
2
i )
(10)
which has an imaginary value.
A black hole can harvest energy from its environment and lose energy through Hawking radiation. Therefore,
energy balance is a necessary condition for a stable black hole. The Hawking temperature of a particle as an imaginary
black hole is therefore a good mark of the energy level of its local imaginary space. According to the work of Deser
and Levin [46], an inertial observer in a de Sitter (dS) or anti-de Sitter (AdS) spaces with cosmological constant Λ
will measure a temperature of
TΛ =
1
2pi
√
Λ
3
(11)
When Λ < 0, this temperature will have an imaginary value. Therefore, from the view of an observer in the imaginary
space, our universe is an AdS space. According to the symmetry of complex space, the time dimension of the AdS
space is folded from the 3-D real space.
For all elementary particles except Higgs boson in the standard model,
rI = i
√
a2 +Q2 −m2 ≈ ia (12)
is a sufficiently accurate approximation. Therefore, the imaginary black hole of the particle is an approximate
Schwarzschild black hole. In this way, in the quantum picture of black hole, the energy components of the particle
is in fact gravitons in the Bose-Einstein condensate. According to [44], the imaginary component of every graviton’s
4
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mass is
mg−i =
i
|Mi| =
i
a
(13)
while the number of the gravitons is
N = |Mi|2 = a2 (14)
According to equation (5), the accurate value ofmg−i is i/rI . mg also have a real component ofm/N . Therefore, the
mass carried by each graviton is
mg =
m
a2
+
i
a
(15)
From the view of graviton of complex black hole in Bose-Einstein condensate, the presence of a complex black
hole makes the origin of the coordinates of the complex space expands from the point of 0+ 0i to a complex spherical
surface with a radius of
R0 = m+ ai (16)
and only rI is the intrinsic radius of its sub-horizon.
4 Geometric origin of de Broglie wave
From the view of an observer who is stationary at the origin of the coordinate in the rest frame of the particle, the
motions of the gravitons of its imaginary black hole are the synthesis of the motions of their origins and their circular
motions around their origins. When the 3-D imaginary space folds to the 1-D time dimension of the 4-D spacetime,
these circular motions make particles obtain their wave-like nature. In the following, we will derive the plane wave of
a free particle.
First we analyze the case where two circular motions of any graviton are in one plane (a of Fig.3). For any
graviton of a particle as an imaginary black hole, during a time interval of 0.5t, the displacement of its origin (∆li−0,
the red bold short arc in a of Fig.3) and the displacement caused by the circular motion around its origin (∆li−g, the
blue bold short arc in a of Fig.3) are
∆li−0 = ∆li−g = ic× 0.5t (17)
From the view of the observer who is stationary at the origin of the coordinate of the 3-D imaginary, the resultant
motion of the graviton happen on the outer horizon of the imaginary black hole, a spherical surface with a radius of
r+,
r+ ≈ 2ia (18)
The total displacement of the graviton (∆li, the green bold short arc in a of Fig.3) is the sum of∆li−0 and∆li−g
∆li = ∆li−0 +∆li−g = ic× 0.5t× 2 = ict (19)
If L = 1/2 (fermions in the standard model), the phase angle of the graviton, θ, will be
a = a1 + a2 + a3 (20a)
Then, we analyze the case where two circular motions of any graviton are in two mutually perpendicular planes
(b of Fig.3). In this case, only the circular motion of every graviton’s origin makes contribution to phase angle. If
L = 1 (gauge bosons in the standard model), the phase angle of the graviton, θ, will be
θ(L = 1) =
∆li−0
r0
= mct (20b)
The uniform energy of every graviton of the imaginary black hole in Bose-Einstein condensate means that the
phase difference between them remains the same. All the original positions of their origins are components of the
starting point in time of the particle. Therefore, the phase angle of the particle is θ described in equations (20a) and
(20b).
The phase angle of the wave function of a stationary particle (v = 0) is given above. How about the phase angle
of a particle with a no-zero speed? From the view of any graviton of a particle, the uniform linear motion of the particle
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with a speed of v appears as the motion of its origin with the speed of iv. Inspired by the geometric characteristics of
the Minkowski space and Einstein’s idea about the freely moving along a geodesic in gravitational field, we assume
this motion is also an uniform circular motion as the motion in time dimension with speed of c (c of Fig.3).
If the radius of curvature of this motion is
r0 =
i
p
(21)
where p = mv is the momentum of the particle. The phase angle caused by the speed of iv is
θ0 =
ivt
r0
(22)
The final net phase angle is
θ′ = θ − θ0 = mct−mvt (23)
The real part of the complex wave function is the component in a certain direction of the 3-D imaginary space
which acts as the time dimension of the 4-D spacetime, while the imaginary part is the component perpendicular to
this direction. When the direction of rotation of the gravitons turns, we can get the negative energy solutions of wave
functions.
Why the uniform linear motion of a free particle with a speed of v + ic in the 4-D spacetime appears as the
synthesis of uniform circular motions in the imaginary space? This imaginary black hole curves the imaginary space
and makes the surrounding observers feel an equivalent central potential. The path of a inertial particle in the 4-D
spacetime should be geodesics for an observer in the 3-D imaginary space. In other word, the quantum properties of
the particles we observed in a 4-D spacetime is a result of the gravitational effect in a 3-D imaginary space. With a
time dimension folded from the 3-D real space, the 4-D imaginary spacetime is found to be a AdS space for an inner
observer. This agrees with the AdS/CFT correspondence proposed by Maldacena [47].
5 Conclusion and Discussion
Thanks to the recent quantum picture of black holes as Bose-Einstein condensates of gravitons, we are able to take a
fresh look at the ancient complex metric in this work. The conjugate symmetry between a common black hole and
elementary particle in a 6-D complex space is found. For any observer in the 3-D real (or imaginary) part of the
complex space, he (or she) can’t observe the imaginary (or real) space directly because of the barrier of the horizon.
The three imaginary (or real) dimensions will fold into a time dimension, which makes the 6-D complex space appears
as a 4-D spacetime.
An elementary particle with spin appears as an imaginary black hole with a mass of ia in an Ads space. In
the quantum picture of black hole, this imaginary black hole consists of N = a2 gravitons. The motions of these
component gravitons make the particle they make up obtain its wave-like nature. We found that there are two different
motion patterns for these component gravitons, which correspond to the fermions (L = 1/2) and gauge bosons (L = 1)
in the standard model, respectively. Therefore, de Broglie wave of a particle has a geometric origin and is a result of
its self-gravitational interaction in the imaginary space.
This work provides us a new perspective to understand some problems in quantum mechanics and general rela-
tivity such as generations of leptons and black hole information paradox.
As a stable elementary particle, the imaginary black hole of the electron should be a good mark of the energy
level of the imaginary space of our universe. If electron have a greater rest mass, its smaller imaginary black hole
will have a higher temperature, which means that the original thermal equilibrium between it and the imaginary space
is destroyed. Therefore, the decays of muons and tauons may be caused by the evaporation of their imaginary black
holes in imaginary space.
The black hole information paradox shows the conflict between quantum mechanics and general relativity. An
important recent development in this area is AMPS firewall [48]. In order to resolve the AMPS firewall paradox,
Maldacena and Susskind [49] provided the ER=EPR hypothesis that entangled objects may be connected through the
interior via a wormhole, or Einstein-Rosen bridge. In the picture provide in this work, we can found that the creation
of an entangled particle pair is indeed a creation of entangled black hole as conjectured in ER=EPR.
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